I. INTRODUCTION
At present, the Standard Model (SM) of particle physics has been scrutinized relentlessly from its inception and held its ground over the entire breadth of its theoretical reach almost without failure. In spite of its impressive successes, the SM is not completely satisfactory as the theory of elementary particles from the view point of both aesthetics and phenomenology. It has been realized that bottom quark physics is a powerful probe of physics beyond the SM in a complementary way to the direct searches, which is crucial to identify the new physics (NP) and its properties correctly as well as understand its theoretical consequences. Rare decays involving b → s flavor changing neutral current (FCNC), which are forbidden at the tree level in the SM, can provide an ideal platform to test the SM precisely as well as bound its extensions stringently so that pave the way for the establishment of new physics beyond the SM. Wealthy experimental data on both inclusive and exclusive b → s FCNC B meson decays [1] have been accumulated at the e + e − factories operating at the peak of Υ(4S), which also motivated intensive theoretical studies on these mesonic decay modes.
Unlike mesonic decays, the investigations of FCNC b → s transition for bottom baryonic decays Λ b → Λγ and Λ b → Λl + l − [2, 3, 4, 5, 6, 7, 8, 9] are much behind because more degrees of freedom are involved in the bound state of baryon system at the quark level. It should be pointed out that such baryonic decays can offer the unique ground to extract the helicity structure of effective
Hamiltonian for FCNC b → s transition in the SM and beyond, since the information on the handness of the quark is lost in the hadronization of meson case. Compared with the B meson decays, Λ b baryon decays contain some particular observables involving the spin of b quark, which are sensitive to the new physics and more easily detectable. From the viewpoint of experiment, the only drawback of bottom baryon decays is that the production rate of Λ b baryon in b quark hadronization is about four times less than that of B meson, hence we need more experimental data on heavy quark decays from future colliders, such as Large Hadron Colliders (LHC) at CERN, and
Tevatron collider at FNAL, to perform a stringent constraint on the parameter space of available new physics models.
Among various models of physics beyond the SM, the models with extra dimensions [10] are of intensive interest, since they provide a unified framework for gravity and other interactions, which can give some hints of the hierarchy problem and a connection with string theory. Among the extra dimension models, the models of particular interests are the scenarios with universal extra dimensions (UED), which are the most democratic extra dimension model in the scene that all SM fields are allowed to propagate in the extra dimension. Above the compactification scale 1/R, a
given UED model becomes a higher dimensional field theory whose equivalent description in four dimensions consists of the SM fields, the tower of their Kaluza-Klein (KK) partners and additional tower of KK modes without corresponding SM partners. A simple scenario is represented by the Applequist-Cheng-Dobrescu (ACD) model [11] with a single compactified extra dimension, which introduces only one additional free parameter relative to the SM, i.e. 1/R, the inverse of the compactification radius. As all particles can access the bulk, momentum along the fifth dimension, and hence the KK number is conserved in any process, which can break down to the conservation of KK-parity, defined as (−1) n due to the orbifold corrections.
Different bounds to the size of extra dimension have been explored in various processes already accessible at particle accelators or within the reach of future facilities. The analysis on the Tevatron run I data allows to establish the bound 1/R ≥ 250 − 300GeV [12] . Analysis of the anomalous magnetic moment [13, 14] and the Z → bb vertex [15] also gives rise to the bound 1/R ≥ 300GeV.
The conservation of KK parity implies the absence of tree level KK contributions to low energy processes taking place at scales µ ≪ 1/R. The fact that KK excitations can influence processes occurring at loop level also indicates that b → s FCNC transitions are extremely important for constraining the extra dimension model. For this reason, the effective Hamiltonian responsible for b → s transitions was derived in [16, 17] .
mixing mass differences ∆M d,s , rare decays of K and B meson as well as CP-violating ratio ǫ ′ /ǫ are also comprehensively studied there. In particular, it is found that BR(B → X s γ) allows to constrain 1/R ≥ 250GeV [17] , which has been updated by a more recent analysis in combination with the NNLO values of Wilson coefficient in the SM and new experimental data to 1/R ≥ 600GeV at 95% C.L. [18] . Exclusive B → K * (K 1 )l + l − , B → K * νν and B → K * γ decays of B meson [19] together with B s → φl + l − and B s → γl + l − decays of B s meson [20] are also studied in the framework of the UED scenario.
Moreover, Λ b → Λγ and Λ b → νν decays in the UED model are further investigated in [21] employing the form factors calculated in the three-point QCD sum rules (QCDSR) within the framework of heavy quark effective theory (HQET) [6] . The sensitivity of branching ratio, forwardbackward asymmetry and polarization asymmetry of lepton for semileptonic decay of Λ b → Λl + l − to the compactification parameter 1/R are analyzed in [22, 23] parameter R is also presented. The last section is devoted to the conclusion.
II. REVIEW OF ACD MODEL
In our usual universe we have 3 spatial plus 1 temporal dimensions and if an extra dimension exists and is compactified, fields living in all dimensions would manifest themselves in the 3 + 1 space by the appearance of KK excitations. The most pertinent question is whether ordinary fields
propagate or not in all extra dimensions. One obvious possibility is the propagation of gravity in whole ordinary plus extra dimensional universe, the "bulk". Contrary to this there are models with UED in which all the fields propagate in all available dimensions [11] and ACD model belongs to one of UED scenarios [19] This model is the minimal extension of the SM in 4 + δ dimensions, and in literature a simple case δ = 1 is considered [19] . The topology for this extra dimension is orbifold S 1 /Z 2 , and the The salient features of the ACD model are:
• the compactification radius R is the only free parameter with respect to SM
• no tree level contribution of KK modes in low energy processes (at scale µ ≪ 1/R) and no production of single KK excitation in ordinary particle interactions are the consequences of the conservation of KK parity.
The detailed description of ACD model is provided in [16] ; here we summarize main features of its construction from the Ref. [19] .
Gauge group
As ACD model is the minimal extension of SM, therefore the gauge bosons associated with the
(the hat on the coupling constant refers to the extra dimension).
The charged bosons are
and the mixing of W 3 i and B i gives rise to the fields Z i and A i as they do in the SM. The relations for the mixing angles are:
The Weinberg angle remains the same as in the SM, due to the relationship between five and four dimensional constants. The gluons which are the gauge bosons associated to SU (3) C are
.
Higgs sector and mixing between Higgs fields and gauge bosons
The Higgs doublet can be written as:
with χ ± = 1 √ 2 χ 1 ∓ χ 2 . Now only field ψ has a zero mode, and we assign vacuum expectation valuev to such mode, so that ψ →v + H. H is the SM Higgs field, and the relation between expectation values in five and four dimension is:
The Goldstone fields G 0 (n) , G ± (n) arise due to the mixing of charged W ± 5(n) and χ ± (n) , as well as neutral fields Z 5(n) . These Goldstone modes are then used to give masses to the W ±µ (n) and Z µ (n)
, and a 0 (n) , a ± (n) , new physical scalars.
Yukawa terms
In SM, Yukawa coupling of the Higgs field to the fermion provides the fermion mass terms.
The diagonalization of such terms leads to the introduction of the CKM matrix. In order to have chiral fermions in ACD model, the left and right-handed components of the given spinor cannot be simultaneously even under P 5 . This makes the ACD model to be the minimal flavor violation model, since there are no new operators beyond those present in the SM and no new phases beyond the CKM phase. The unitarity triangle remains the same as in SM [16] . In order to have 4D mass eigenstates of higher KK levels, a further mixing is introduced among the left-handed doublet and right-handed singlet of each flavor f . The mixing angle is tan 2α
R 2 , so that it is negligible for all flavors except the top [19] . Integrating over the fifth-dimension y, one can gain the four-dimensional Lagrangian
which describes zero modes corresponding to the SM fields and their massive KK excitations together with KK excitations without zero modes which do not corresponds to any field in SM.
The Feynman rules used in the further calculation are given in Ref. [16] .
III. EFFECTIVE HAMILTONIAN AND TRANSITION FORM FACTORS A. Effective Hamiltonian
Integrating out the particles including top quark, W ± and Z bosons above scale
we arrive at the effective Hamiltonian responsible for the b → sl + l − transition in the SM [25] 
where we have neglected the terms proportional to V ub V * us on account of |V ub V * us /V tb V * ts | < 0.02. The complete list of the operators can be given by
• QCD penguin operators
• magnetic penguin operators
• semi-leptonic operators
where α and β are the color indices,
, e and g are the coupling constant of electromagnetic and strong interactions, respectively; and q are the active quarks at the scale
and the corresponding right handed current is (q α q β ) V +A =q α γ ν (1 + γ 5 )q β .
In terms of the Hamiltonian given in Eq. (4), we can derive the free quark decay amplitude for
Similarly, the free quark decay amplitude for b → sγ can be written as
No operators other than those collected in Eq. (4) are found in the ACD model, therefore the effects of KK contributions are implemented by modifying the Wilson coefficients that now depend on the additional ACD parameter, the compactification radius; if we neglect the contributions of scalar fields, which are indeed very small. Since the KK states become more and more massive with large value of 1/R, which can decouple from the low-energy theory, hence the SM phenomenology should be recovered in the limit 1/R → +∞. It also needs to emphasize that we do not include the long-distance contributions from four-quark operators near the cc resonance, which can be experimentally removed applying appropriate kinematical cuts in the neighborhood of resonance region. Besides, the QCD penguin operators are also neglected due to their small Wilson coefficients compared to the others. Therefore, we only need to specify the Wilson coefficients C 7 , C 9 and C 10 , which have been given in [17] . It is found that the impact of the KK states results in the enhancement of C 10 and the suppression of C 7 .
As a general expression, the Wilson coefficients are represented by functions F (x t , 1/R) generalizing the SM analogues F 0 (x t ):
where
A remarkable feature is that the sum over the KK contributions in Eq. (12) is finite at leading order in all cases as a result of a generalized GIM mechanism [16] . The relevant functions are the following:
from chromomagnetic penguins. They can be found in [16, 17, 19] and are collected as below.
•C 7
Here one defines an effective coefficient
which is renormalization scheme independent [26] :
where η = αs(µw) αs(µ b ) , and
the superscript (0) stays for leading logarithm approximation. The involved parameters in Eq. 
The functions D ′ and E ′ are determined by Eq. (15) with
Following [16] , one can obtain the expressions for the sum over n as 
6
] coth(πM w R √ y)
•C 9
In the ACD model and in the naive dimension regularization (NDR) scheme, the Wilson coefficient C 9 can be written as
where P N DR 0 = 2.60 ± 0.25 [27, 28] and the last term is numerically negligible. The function Y and Z are given by
The sum of C n (x t , x n ) over n is computed as
•C 10 C 10 is µ independent and is given by
The renormalization scale is fixed at µ = µ b ≃ 5 GeV.
B. Parameterizations of hadronic matrix element
With the free quark decay amplitude available, we can proceed to calculate the decay amplitudes for Λ b → Λγ and Λ b → Λl + l − at hadron level, which can be obtained by sandwiching the free quark amplitudes between the initial and final baryon states in the spirit of factorization assumption.
Consequently, the following four hadronic matrix elements Λ(P )|sγ µ b|Λ b (P + q) , Λ(P )|sγ µ γ 5 b|Λ b (P + q) ,
need to be computed as can be observed from Eq. (4). Generally, the above four matrix elements can be parameterized in terms of a series of form factors as [29, 30, 31, 32 , 33]
where all the form factors g i , G i , f i and F i are functions of the square of momentum transfer q 2 .
It should be emphasized that the form factors f 3 and F 3 do not contribute to the decay amplitude of Λ b → Λ + l + l − due to the conservation of vector current, namely q µl γ µ l = 0. Concentrating on the radiative decay of Λ b → Λγ, we then observe that the matrix element of magnetic penguin operators can be simplified as
For the completeness, we also present the parameterizations of matrix elements involving the scalarsb and pseudo-scalarsγ 5 b currents, which can be obtained from the Eqs. (29) and (30) by contracting both sides to the four-momentum q µ
IV. BRANCHING RATIO, FORWARD-BACKWARD ASYMMETRY AND POLARIZATION ASYMMETRY
Now, we are going to analyze the sensitivity of the branching ratio, forward-backward asymmetry and polarization asymmetry of Λ baryon on the radius of extra dimension R. To this purpose, we firstly list the input parameters used in this paper in Table I . In addition, we also collect here the form factors calculated in the Ref. [24] , where the effects of higher twist distribution amplitudes of Λ baryon are included in the sum rules of transition form factors. Specifically, the dependence of form factors on the transfer momentum are parameterized as [24] 
where ξ i denotes the form factors f 2 and g 2 . The numbers of parameters ξ i (0), a 1 , a 2 have been collected in Table II . To the leading order in α s and leading contributions in the infinite momentum kinematics, the other form factors can be related to these two as
where the form factors F 3 (q 2 ) and G 3 (q 2 ) are dropped out here due to their tiny contributions.
A. Decay width of
Making use of Eqs. (33) and (34), the decay width of Λ b → Λγ can be written as
The only be used to constrain the additional parameter R with respect to the SM but also are helpful to discriminate existing models of distribution amplitudes for Λ baryon.
B. Decay width and dilepton distributions of
The differential decay width of Λ b → Λl + l − in the rest frame of Λ b baryon can be written as [34] ,
where u = (p Λ + p l − ) 2 and q 2 = (p l + + p l − ) 2 ; p Λ , p l + and p l − are the four-momenta vectors of Λ, l + and l − respectively. M Λ b →Λl + l − is the decay amplitude after integrating over the angle between the l − and Λ baryon. The upper and lower limits of u are given by where E * Λ and E * l are the energies of Λ and l − in the rest frame of lepton pair
The total decay rates of Λ b → Λl + l − (l = µ, τ ) in the ACD model have been plotted in the Fig. 2 , from which we can observe that the KK states can result in 10% enhancement with fixed 1/R = 300GeV compared with that in the SM. This can be easily understood since the Wilson coefficient C 9 is essentially the same as that in the SM and C 10 is significantly enhanced, which can overwhelm the suppression from C 7 . The enhancement effect due to KK modes in the b → sl + l − transition is already found in the inclusive decay B → X s µ + µ − [17] . Furthermore, the dilepton distributions of Λ b → Λ + l + l − are also displayed in Fig. 3 , where the predictions in the SM are also included for completeness. As can be seen, the invariant mass distribution amplitude is not sensitive to the effect of extra dimension for both the muon and tauon cases. 
Refs. [29, 35] , the differential and normalized forward-backward asymmetries for the semi-leptonic decay Λ b → Λl + l − can be defined as
and
Making use of the decay amplitude in Eq. (10), the differential forward-backward asymmetry for decays of Λ b → Λ + l + l − can be calculated as
with
where we have retained masses for both the lepton and strange quark.
In fig. 4 , we show the dependence of A F B on the momentum transfer q 2 at two fixed values of 1/R = 200GeV and 500GeV as well as that in the SM for both the muon and tauon cases. As can be seen from the figure, the zero-position of forward-backward asymmetry for Λ b → Λ + µ + µ − is sensitive on the compactification parameter 1/R, which is consistent with that observed in [22] .
For the case of 1/R = 500GeV, the forward-backward asymmetry is quite close to that in the SM 
To study the Λ spin polarization, one needs to express the Λ four spin vector in terms of a unit vector ξ along the Λ spin in its rest frame as [36] The unit vectors along the longitudinal, normal and transverse components of the Λ polarization are chosen to beê
where p − and p Λ are the three-momenta of the lepton l − and Λ baryon respectively in the center mass frame of l + l − system.
The polarization asymmetries for Λ baryon in Λ b → Λl + l − can be defined as
where i = L, N, T and ξ is the spin direction along the Λ baryon. The differential decay rate for polarized Λ baryon in Λ b → Λl + l − decay along any spin direction ξ is related to the unpolarized decay rate (40) through the following relation
In the Fig. 5 , we display the longitudinal polarization asymmetry of Λ baryon for both the muon and tauon cases with two fixed numbers of 1/R in the ACD model together with that in the SM, from which one can see that the impact of extra dimension on this asymmetry is rather weak. The normal polarization asymmetry of Λ baryon has been plotted in fig. 6 , from which we can find that the effects of KK states are more important at large momentum transfer q 2 and might be distinguishable from that in the SM for the case of 1/R = 200GeV. As for the transverse polarization asymmetry, both the ACD model and the SM can give very tiny predictions, which is almost impossible to detect in the future colliders. In short, the measurement of polarization asymmetries of Λ baryon in Λ b → Λ + l + l − decays is not so helpful to establish the UED models.
This is much very similar to the case of single-lepton polarization as found in Ref. [22] .
V. CONCLUSIONS
In this paper, we investigate the exclusive weak decay of Λ b → Λγ and
a single universal extra dimension scenario, which is a strong contender to explore physics beyond the SM. The priority to investigate the bottom decays can be attributed to their sensitivity of the flavor structure of nature, which leads to an extremely rich phenomenology. More important, the large mass of heavy quark makes the troublesome strong interaction effects controllable within heavy quark expansion on the theoretical side, allowing for theoretical predictions of acceptable accuracy. The form factors responsible for Λ b → Λ transition used in this paper are borrowed from that calculated in the LCSR approach, where the higher twist distribution amplitudes of Λ baryon are included.
Due to the suppression of Wilson coefficient C 7 in the ACD model, we find that the branching fraction BR(Λ b → Λγ) is suppressed by 25% for 1/R = 300GeV compared with that in the SM, which is similar to the inclusive B → X s γ decay [17] . However, the contributions from KK modes can give rise to 10% enhancement for fixed value of 1/R = 300GeV as a consequence of larger number of Wilson coefficient C 10 compared with that in the SM. Besides, it is found that the zero-position of forward-backward asymmetry for Λ b → Λµ + µ − is sensitive on the radius of extra dimension R, which can be used to probe the new physics effectively once the experimental data are worth to extend the analysis of Λ b → Λ transition presented here to the case of Λ b decays to heavier Λ-baryons (resonance), which may be another interesting field to explore the effects from extra dimensions and will be investigated in our future work.
